Herbalist and folk practitioners have used plant remedies for centuries, but only recently scientists have begun to study the powers of common herbs and spices. Indians traditionally use herbs and spices in food preparations that are rich in antioxidants. They are potent inhibitors of tissue damage and inflammation caused by high levels of blood sugar and circulating lipids. These developments are well underway through evidence-based frameworks for substantiating health claims related to foods. Herbal fortification is a new trend to improve nutritional value of the food. Herbs such as Ocimum sanctum, Withania somnifera, Phyllanthus amarus and Myristica fragrans are proven for their unique properties in food preparations for their free radical scavenging activity to combat oxidative cellular damages. During intense skeletal muscle contractile activity myotubes mitochondria generate high ROS flow which makes skeletal muscle a tissue where ROS hold a particular relevance. The net effect of ROS on cell signaling pathways and its fate depends on the cellular antioxidant capacity. Thus, muscle progenitor cells would be ideal models for antioxidant profile testing of bioactives. Hence the medicinal herbs with proven health benefits were analyzed for free radical scavenging activity. The results supported that the muscle progenitors are suitable and appropriate source for antioxidant profiles of herbal drugs. Moreover, it was observed that the herbs exhibited synergistic activity in combination and therefore higher antioxidant activity as compared to herbs tested individually.
Introduction
Oxidative stress is defined as an imbalance between the production of free radicals and the ability of the organism to counteract or detoxify their harmful effects through neutralization by antioxidants. As free radicals are very reactive species, during oxidative stress they can cause cell damage by interacting with biological macromolecules [1] .Generation of reactive oxygen species (ROS) is a ubiquitous phenomenon in eukaryotic cells. During intense skeletal muscle contractile activity myotubes mitochondria generate high ROS flow which makes skeletal muscle a tissue where ROS holds a particular relevance. Oxidative stress occurs frequently in muscle tissue during intense
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exercise. There is a high rate of oxygen consumption in skeletal muscle that can cause incomplete oxygen reduction and electron leakage from the electron transfer chain. This leads to the generation of ROS and oxidative stress which in turn result in muscle fatigue, cell damage and apoptosis [2, 3] . Furthermore, oxidative stress can cause cardiovascular diseases [4] [5] [6] . According to their hormetic nature, in muscles ROS may trigger different signaling pathways leading to diverging responses, from adaptation to cell death [7] .
Materials and Methods
In the present study, chicken muscle tissue samples were collected immediately after slaughter from Chennai Corporation slaughter house, Perambur. Herbal extracts were tested for free radical scavenging activity. The study was carried out in Centre for Stem cell Research and Regenerative Medicine, Madras Veterinary College, Chennai-07.
Collection of muscle tissue
Muscle tissue samples were collected in normal saline with antibiotic, antimycotic solution. The samples were kept in room temperature and processed within 30 minutes. Muscle tissues were weighed by using an electronic weighing balance and washed 4 to 5 times with equal volume of normal saline containing antibiotic and antimycotic solution.
Procurement of herbs
Herbs such as Phyllanthus amarus, Myristica fragrans, Ocimum sanctum and Withania somnifera were obtained from National Institute of Siddha referred pharmacy, Chennai, India as per the authentication done by Dr. S. Thamilalagan.
Drugs and chemicals
Modified Eagles Medium (Medium, high glucose; Gibco®), Fetal Bovine Serum (FBS;Gibco®), Phosphate Buffered Saline (PBS, Invitrogen®) Penicillin/Streptomycin (Gibco®) Trypsin-EDTA 0.25% (Gibco®), 1, 1-diphenyl picrylhydrazyl (DPPH), (SigmaAldrich®), Rutin (Sigma-Aldrich®).
Preparation of the herbal extract
The herbal samples were extracted using methanol and sterile water as reported earlier [8] .
Isolation of muscle derived progenitor cells
The isolation of muscle progenitor cells was done with slight modifications [9] . Briefly, after thorough washing in PBS with antibiotic, muscle tissue was dissected from other tissues including the tendon, nerve, major blood vessels, fat and connective tissue in a sterile 35 mm petri dish. Mechanical digestion of the trimmed muscle tissue was followed by enzymatic digestion using 0.25% pronase at 37°C for 15 min. Then the enzymatic activity was neutralized with FBS. The supernatant was centrifuged at 1200 rpm for 5 min at room temperature. The supernatant was aspirated and the cell pellet was re-suspended in 10mL culture medium (DMEM-HG supplemented with 20% fetal bovine serum, 10% horse serum and 1% chicken embryo extract). The viability of muscle progenitor cells was determined by trypan blue exclusion. Cell suspensions were seeded in 2 per cent gelatin coated 35 mm petri dishes at a density of 2 × 10 5 cells / ml and incubated at 37°C with 5% CO 2.
Estimation of viability by trypan blue dye exclusion
Cell suspension was prepared in medium without phenol red for dye exclusion at a concentration of (1x10 6 cells/mL) by trypsinization and estimation of viability was carried out as per the standard procedure [10] .
Preliminary herbal drug concentration determination for antioxidant activity
The herbal drug concentration was analyzed by seeding muscle progenitors at a density of 5000 cells/cm 2 . The confluency reached 90% in control group without herbal supplements taken as standard to compare the cell proliferation during the supplementation of different herbal concentration ranging from 10 μg/ml-200 μg/ml.
DPPH radical scavenging assay for chicken muscle progenitor cells
Commercially available and stable free radical (DPPH+, 2, 2-diphenyl-1-picrylhydrazil), soluble in methanol, was used for the analysis [11, 12] . DPPH in its radical form has an absorption peak at 515 nm, which disappeared on reduction by an antioxidant compound. An aliquot (25 μl) of the extract was added to 1 ml of freshly prepared DPPH solution (0.25 g/l in methanol) [13, 14] . Absorbance was measured 20 min after the reaction started. Radical scavenging activity (RSA) of the extract was calculated using the formula RSA = 100 X A blank ----A sample A blank
Results
Morphology of primary culture muscle progenitor cells (MPC) exhibited a fibroblastoid morphology on day five. Around day seven, MPCs showed polygonal and long shuttle shapes, most of which had protrusions. On day nine the expansion of muscle satellite cells were observed. Around day 15 and above MPCs were widely expanded and had confluent monolayer (Figure 1 ). Cell concentration standardization showed a more viable cell population with less apoptotic changes observed in the range of 20 μg/ml to 100 μg/ml. Hence the antioxidant activity of the herbs was observed to range 20 μg/ml to 100 μg/ml.
The radical scavenging activity of aqueous extracted herbs analyzed at the concentration range of 20 μg/ml, 40 μg/ml, 60 μg/ml, 80 μg/ml and 100 μg/ml (Figure 2) . The results showed that all the extracts of the tested herbs had radical scavenging activity. The scavenging activity of 35.8% as lowest and 85.21% as highest were observed respectively at 20 μg/ml and 100 μg/ml tested concentrations.
Hence the results of the antioxidant analysis of herbal extracts were ranked as follows: synergistic < Phyllanthus amarus < Myristica fragrans < Withania somnifera < Ocimum sanctum. Exposure of muscle progenitors to different herb extracts significantly increased the antioxidant activity showing high significance (P ≤ 0.01) within the treatments.
The radical scavenging activity analyzed at concentration of 20 μg/ml, 40 μg/ml, 60 μg/ml, 80 μg/ml and 100 μg/ml (Figure 3) . The results showed that all the extracts of the tested herbs had radical scavenging activity. The scavenging activity of 41.21% as lowest and 92.34% as highest were observed respectively at 20 μg/ml and 100 μg/ml tested concentrations.
Hence the results of antioxidant potential of methanolic herbal extracts were ranked as follows: < Ocimum sanctum < synergistic activity< Phyllanthus amarus. < Withania somnifera <Myristica fragrans Exposure of muscle progenitors to different herb extracts significantly increased the antioxidant activity showing high significance (P ≤ 0.01) within the treatments. Ocimum sanctum and synergistic activity showed high radical scavenging activity in methanolic extract.
Discussion
Proliferation and differentiation of skeletal muscle stem cells is under the control of several growth factors and is a highly controlled multi-step process [15] . The proliferating and differentiating cultures of murine and avian myoblast grown under prescribed conditions promoted skeletal muscle cell proliferation and differentiation highly suitable to study the effects of various bioactive compounds like nutrients, hormones, and growth factors as reported earlier [16] .
A delicate balance between ROS production and antioxidant enzyme expression and activity plays significant role in maintaining muscle homeostasis. The antioxidant enzymes were considered to take part in the regulation of fibrosis of skeletal muscles and during the first phase of skeletal muscle regeneration ROS were crucial players in the induction of necrotic muscle fibre removal and muscle injury attenuation. Later, the antioxidant enzymes as well as ROS could also affect proliferation, differentiation and final maturation of muscle progenitor cells [17] . The metabolic effects of resveratrol on muscle cells in clinical and preclinical studies had shown an increase the levels of oxygen consumption, and Sirt-1 expression in muscle from obese humans [18] . The antioxidant effects of polyphenolic extracts derived from the stems of three greek grape varieties in endothelial and muscle cells demonstrated that the treatment with grape stem extracts at low concentration enhanced the redox status of endothelial and muscle cells. Recent studies have shown that the phenolic compounds particularly flavanoids and catechins, present in herbs are important antioxidants and superoxide scavengers [19] . Earlier reports [20] suggested that the oxidative stress as an important modulator of skeletal muscle regeneration after injury which supports the results of the present research.
The therapeutic and pharmacological actions of Ocimum sanctum, Myristica fragrans, Phyllanthus amarus and Withania somnifera including antioxidant and anti-stress activity, memory enhancing and neuroprotective activity are noteworthy. Phyllanthus amarus may be associated with decreased oxidative stress and free radical-mediated tissue damage and might help in rejuvenating antioxidative defense mechanism. In the present study herbal extracts of Ocimum sanctum, Myristica fragrans, Withania somnifera and Phyllanthus amarus exhibited strong antioxidant activity in vitro. Synergistic activity of the herbs was the more potent compared to the individual extracts which coincide with the earlier reports [19] .
Conclusion
Free radicals are very reactive species and can interact with all biological macromolecules ultimately leading to cell damage. Present study showed that the synergistic effect on antioxidant activity of Ocimum sanctum, Myristica fragrans, Withania somnifera and Phyllanthus amarus on muscle progenitors and could be used as potent inhibitors of tissue damage and inflammation due to oxidative stress.
